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1 cucinomas can produce m. q ,,amd sptemic t a p r a r y improvement in the sodium l m l . Total Buid manifestations in the absence of metastases, One intake was then limited to 500 ml daily, and rapid mrrrctian of the hyponatrem~a and impro\. . . . patients with hronchogenic carcinoma.' Before o w general discussion. we wish to orew sent four cases with inappropriate antidiuretic hormone syndrome associated with carcinoma of the lung. The significant clinical and laboratory findings are shown in Figure 1 and Table 1 .
A 71-year-old white man was admitted to the hospital with a five-month hnstory of substernal and eptgastric pain. One week prior to admission, he developed anorexia, lethargy, mental confusion and weakness. Past history revealed he had smoked more than 20 cigarettes daily for the greater part of his Itfe.
On physical examination, he was debilitated and appeared mentally confused. dull, and lethargic. The liver war enlarged, nodular, and tender. Chest roentgenogram showed an infilhative density near the right cardiac border with pleural reaction near the cardiophrenic angle. A needle biopsy of the liver revealed metastatic anaplastic carcinoma.
Due to the low serum sodium, large quantities of sodium A 70-yearuld white man war admitted to the hospital with mmplaints of chest pain and dyspnea of one day's duration. Part history revealed that he had chronic lymp h q t i c leukernra and had been treated with chloramhocil (Leukeran). The last henhnent w u three months prior to this admission.
Physical examination revealed a dull, confused, and lethargic man with a normal blood pressure, skin turgor, and no edema.
There was a large density seen in the left hilum on the chest x-ray film. Red blood cell volume determination using Cr51 showed a decrease in red blood cell volume and a slight increase in plasma. Bronchoscopy revealed a lesion in the left primary bronchus, and bronchial washings from this area were found to cantam poorly differentiated malignant cells.
Due to the poor cardiovascular status, the treatment consisted of supen.oltape radiation to the tumor and a restriction of oral Rui& to 750 ml daily. With this restriction, there was a prompt rise in serum sodium and improvement in his mental status. After completion of radia-'Fmm the Thoracic Surgical Section, Surgical Service.
Veterans Adminishation and the Dep-mt hon treahnrnt (61737 in 33 days). he was allowed a liberal of sur university of T~~~~~~ &uege of p,l,&c,nc, Ru~d intake i20003MM m1/24 hr). His serum sodium dehlemp%is. Tenn-e.
creased from normal to 12. 5 mEq/L within three days. 
His subsequent course was gradually downhill, and he days following a tumor dose of 3140 r due to the poor expired four m o n t h following the onset of symptoms.
general condition of the patient HIS condition continued to Post-mortem examination showed oat-cell bronchagenic deteriorate. and he expired two months following the e.arcinoma with metastases to the periaortic lymph nodes, onset of symptoms. liver, right adrenal, and bone.
Post-mortem examination showed small-cell brandtogenic carcinoma which had metastasized to hone, liver, pancreas, CASE 3:
adrrnal, and lymph nodes. A 61-year-old white man was admitted to the hospital with complaints of anorexia. nausea, vomiting, and weakness of one month's d~~ration. He had lost 15 Ib in weight during this period. His past history revealed that he had smoked 20 cigarettes and five cigars daily for many years.
Except for slight confmion and a few rales located over the right upper chest, the physical examination was not remarkable.
Chest Comment: There was laboratory evidence (elevated urine and plasma 17 hydroxycorticoids) to suggest that the tumor asas secreting ACTH as well as ADH. The cortical layers of the adrenals at necropsy were thickened, suggesting increased activity; however, assays of the tumor tissue failed to demonstrate ACTH activity. hfultiple hormone secretion hy single tumors is well establi~hed.~ Our experience with five patients with ACTH-producing bronchogenic carcinoma was recently reported.','
A 57-year-old whltr man war admitted to the hospital with a one-week history of right c h a t pain, increasing dyrpnea, and a ten-pound weight loss. Past history revealed that he had smoked approximately 20 cigarettes daily for over 30 years.
Physical examination revealed absence af breath sottnds over the right hemithorax with flatness to percussion. The liver extended two fingers below the right costal margin, with a non-tender smooth anterior edge.
Chest roentgenograms showed complete opadcation of the right hemithorax wlth a shift in the cardiomediartinal rtructures to the opposite side. Bronchascopy was normal, hut cytologic studies of bronchial washings showed malignant cells. Blood volume determinations using radioactive iodine showed the plasma volume increased above the normal range. Cytologic stud~es revealed malignant c e b in the pleural fluid.
On the basis of the chest roentgenogram, positive pleural cytology, and clinical and laboratory finding., he was treated with thr dnzg cyclophosphnmide (Cytoran). 1800 mg., and a regtdar diet. His fluid intake was restricted to 750 ml daily, with a return of the serum sodium to normal. The patient's course was progressively downhill, and death occurred in 34 days from the onset of symptoms.
Post-mortem examination showed adenocarcinoma (Fig  2) In recent years, it has been recopized that certain non-endocrine tumors synthesize and release hormones or hormone-like substances, resulting in various endocrinopathies. The ability of these tumor cells to synthesize and release complex polypeptides, which their parent cells are unable to do, seems rather surprising at first. Heretofore, tumor mlls have usually been characterized hy loss of specializcd function, particularly with the undifferentiatcd carcinomas. Does the formation of these honnoncs really represent increased differentiation of these tumor cells rather than the usual dedifferentintion? It probably does not, since all cells, espcci;~lly normal cells. contain identical chromosomes with the genetic information already present for synthesizing hormones. 111 nonnal non-rndocrinc cells. the functions of these genes are suppressed 11y specific controls, and it is the loss of these suppressive cot~trols that allo\vs non-mdocrinr cells to produce specific hormones. Thus, these syndromes are probably another manifestation of tumor cell dedifferentiation. This may explain why many of these endocrine syndromes occur with undifferentiated tumors more often than with differentiated tumors. This is particularly true of the inappropriate antidiuretic hormone syndrome, which occurs predominantly in patients with undifferentiated or oat cell hronchogenic carcinoma. However, more differentiated tumors, as \,ell as non-neoplastic diseases, may produce the same syndrome, as shown in Tahle 2. This paper will be limited to a discussion of inappropriate antidiuretic hormone syndrome associated with hronchogenic carcinoma.
The first evidence to suggest that the hyponatremia associated with undifferentiated broncho-a genic carcinoma is due to excessive antidiuretic hormone \\-as thc observation that the urine osmolality nras consistrntly prater than that of the plasma in the presence of normal or over-hydration and a norn~al rlomerular filtration rate. .4DH is the only known st~hstance capable of prodi~cinp renal trhular water n&m@im a-ainst an osmotic e t . In thr absence of ADH. the urine osmolality will approach that of the plasma. Since the normal rtbsponsr to low plasma osmolality is a depression of ADtI secretion, the prrsmce of elevated Iiwels of AD11 in these patients is "inappropriate." t\ decrease, in blood \.olun~e stimulates release of ADH, but in this syndrome, blood volume determinations havr h r m found rither normal or increased.
Thesr concl~~\ions \\#ere sul~stantiated by Leaf et nl; who \\-err ahlr to constn~ct an experimental in oil daily to normal subjects given free access to water. These subjects retained water, developed dilutional hyponatremia, and continued to excrete sodium in the urine despite the presence of hyponatremia. In addition, the urine osmolality exceeded that of the plasma. Subsequent studies by Bower, et alp using bioassay techniques, confirmed the presence of an increase in antidiuretic activity in the plasma of patients with bronchogenic carcinoma with inappropriate antidiuretic hormone syndrome.
The weight of indirect evidence suggests that the material from the tumor itself, rather than ADH released inappropriately from the posterior pituitary, is responsible for IADHS, since attempts to block antidirlresis in patients with bronchogenic carcinoma with alcohol have been unsu~cessful.~ It is also noteworthy that the posterior pituitary gland tissue need not he present for the syndrome to exist. In Case 3, destruction of the posterior pituitary eland did not prevent the development of the syndrome. A similar observation has been reported by Bower et These indirect studies have been substantiated by the demonstration of large quantities of antidiuretic material by assay of tumor tissue in 12 Thus, there appears to he little doubt that the IADHS, when occurring in association with bronchogenic carcinoma, is due to production and release of ADH by the tumor itself in an inappropnate fashion. Therefore, the hypc-osmolality with corresponding hyponatremia and the increased blood volume has no inhibitory effect on the release of ADH by the tumor.
The presenting complaints fell into two groupsthose due to the primary lung cancer, and those due to the hyponatremia with corresponding hypoosmolality (Table 3 ). n o s e symptoms relating to the hypo-osmolality of the body fluids can usually be correlated with the degree of hyponatremia. In patients with serum sodium at levels of 1U) mEq/L or more, there may be no complaints. Generally, however, when the serum sodium falls below 120 mEq/L, a number of symptoms appear. Since these symptoms are due to the hypotonicity of the body fluids, the symptom complex is that of water intoxication manifested by anorexia, nausea, vomiting, increased irritability, and confusion. With the serum sodium below 110 mEq/L, neurologic abnormalities appear, characterized by decrease or loss of reflexes, muscular weakness, bulbar or pseudobulbar palsy, stupor, and convulsive seizure^.'^ These symptoms may frequently mimic cerebral metastases. It is at this stage that hypotonicity of the body fluids poses a threat to the survival of the patient u~iless corrected. Although the symptomatology usually correlates well with the degree of hyponatremia, the rate of development of hyponatremia seems to be of some importance. This prohably explains the lack of correlation between the symptoms and the degree of hyponatremia in some rare cases.
In some patients, hyponatremia may not be evident unless su5cient water load is available. In patients with bronchogenic carcinoma who are suspected of having IADHS, a challenging water load of 4 liters followed by serum sodium evaluation the following day may reveal unsuspected cases."
The major diagnostic features of the IADHS are: (1) hyponahemia associated with a continued loss of sodium in the urine. (The daily urine sodium exceeds 20 mEq except during a markedly decreased sodium intake), (2) urine osmolality which is greater than that of the plasma except during acute isotonic expansion of the extracellular fluid volume, when the urine may become hypotonic to the plasma; ( 3 ) normal to slightly increased blood and extracellular fluid volume as reflected by normal blood pressure and skin turgor with the absence of edema; (4) normal renal and adrenal function, and (5) fluid restriction resulting in an increase in serum sodium and a decrease in urine sodium.
Lf the diagnostic criteria above are adhered to, most diseases (Table 4) vation of total fluid intake should make the diagnosis clear. The second exception is excessive water administration in postoperative surgical patients in which ADH is increased as a result of the surgical trauma. This abnormal secretion of ADH will usually continue for approximately three days."
The IADHS has many interesting changes in both electrolyte and water metabolism. The severe hyponatremia and h,vpo-osmolality results from the dilution of body fluids by the retention of water and by the increased excretion of sodium by the kidney. This excessive retention of water is due to the influence of ADH or a closely related polypeptide secreted by the tumor itself on the mucosal barrier of the distal renal tubules, which increases the net transport of water.l6
Although this explanation for the excessive water retention is generally accepted, there is considerable controversy over the mechanism responsible for the continued loss of sodium in the urine. This loss by the kidney in the presence of a hyponatremia bas been attributed by various authors to one of three factors: ( 1) increase in glomemlar atration rate, ( 2 ) decrease in aldosterone secretion, and (3) "third factor" effect. However, most studies have indicated that the first two factors are of little significance; that is, glomerular filtration rate has not been increased nor aldosterone secretion decreased. It has been established that a rise in the filtered load of sodium is not required in order for salt loss to occur, as in steroid-treated normal subjects in whom extracellular fluid volume is expanded by administration of vasopressin and water.'" This steroid administration showed also that a decrease in aldosterone secretion, or factor 2, is not required for a urinary loss of sodium to occur. Thus, it appears that the third factor plays a critical role in mediating the natriuretic response during expansion of the extracellular fluid volume found in IADHS.
The recent observation that a third factor is involved in the control of sodium excretion and of the extracellular fluid volume opens a new and exciting chapter in renal physiology. The third factor is so named because it is independent of the two other factors long believed to be the exclusive determinants of sodium excretion.
This factor appears to be important in the volume control system at the level of the nephron, and it serves to reset glomerulotubular balance. This is to say that in a steady state condition, a constant fraction of the filtered sodium is reabsorbed in the proximal tubule despite variations in the glome d a r filtration rate. Thus, there is a constant proportionality behveen glomemlar filtration rate (61-tered Na load) and proximal tubular reabsorption of sodium for any fixed volume of extracellular fluid. This proportionality prevents large changes in sodium excretion with spontaneous fluctuations in glomemlar filtration rate, but does not implement the maintenance of external sodium balance in presence of a changing rate in salt intake. Therefore, with extracellular fluid volume expansion and increased glomerular filtration, the fraction of filtered load of Na+ reabsorbed in the proximal tubule decreases, and with extracellular cellular fluid volume depletion and decreasing glomerular filtered sodium load, the fraction of sodium reabsorbed in the proximal tubule is increased. The third factor does not disrupt the glomemlotubular balance, but rather resets it in the direction required for the preservation of sodium balance."
The most impressive evidence that the third factor is a hormonal substance has been presented by Martinez-Xfaldonado et al'" who showed that the plasma from saline-loaded dogs and rats contained a substance that inhibited proximal tubular sodium reabsorption in recipient rats. The third factor appears, therefore, to be a hormone whose release is related to some function of the extracellular fluid volume. Its site of synthesis still remains a mystery. It is interesting, however, that the third factor actually is ablated in saline-loaded animals when the thoracic inferior vena cava is constricted. but is not affected by constriction of the abdominal inferior vena cava, aorta, or the renal a r t e r i e~. '~-~~
The treatment of this syndrome should be directed toward: (1) the correction of the hyponatremia and (2) resection of the underlying bronchogenic carcin~ma.'~ The simple restriction of fluid intake to within a range of 500-750 ml per 24 hours with allowances for adequate sodium intake will usually correct the hyponatremia and thus alleviate the severe symptoms. In acute emergencies with very low serum sodium and severe neurologic symptoms, the initial use of pharmacologic doses of saltretaining steroid and hypertonic salt solution may be indicated.
Surgical resection of the bronchogenic carcinoma has led to prompt correction of the syndrome if the tumor is completely r e m o~e d .~~~~~ Treatment using other modalities, such as supervoltage radiation and cyclophosphamide (Cytoxan), did not diminish the severity of the syndrome in our patients. 
